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ABSTRACT 
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I e INTRODUCTION 

Knowledge of  i o n  m o b i l i t i e s  f o r  a i r  c o n s t i t u e n t s  is 

basic t o  t h e  u n d e r s t a n d i n g  of  several  upper-atmosphere phenomena 

and s e v e r a l  problems concerned w i t h  r e - e n t r y  p h y s i c s .  We h e r e  

p r e s e n t  estimates of  t h e  m o b i l i t i e s  of  t h e  i o n s  O', N', 02', 

N2+, and NOc i n  t h e  n e u t r a l  c o n s t i t u e n t s  H e ,  0, N ,  02, and N 2 '  

f rom Oo t o  2500OK. 

S i n c e  r e l i ab le  e x p e r i m e n t a l  data  are v e r y  scarce, w e  

a re  f o r c e d  t o  r e l y  h e a v i l y  on t h e o r y .  A s  a consequence ,  t h e  

u n c e r t a i n t y  i n  our f i n a l  e s t i m a t e s  is q u i t e  va r i ab le ,  r a n g i n g  

from pe rhaps  +25% i n  a f a v o r a b l e  case t o  a f a c t o r  of 2 i n  a n  

u n f a v o r a b l e  one.  The c r u c i a l  s t e p  i n  t h e  t h e o r e t i c a l  c a l c u l a -  

t i o n s  is t h e  s e l e c t i o n  of t h e  mechanism presumed t o  dominate  

t h e  i o n - n e u t r a l  s c a t t e r i n g .  W e  c o n s i d e r  t h e  i o n  m o b i l i t i e s  

t o  be dominated by two mechanisms o n l y :  e las t ic  c o l l i s i o n s  be- 

tween i o n s  and n e u t r a l s ,  and  r e s o n a n t  charge-exchange c o l l i s i o n s  

L l t ; ~ w ~ ~ l l  --*- n r r r l  - * . ~ + - - 7 n  'Fkn r r o n i o C i n m  L- +..., - 
;Ull, C L l l U  1 l t ; U b l C L A D o  L A I C ,  V L c I I U U I V I 1  Gf t h e  = ? c b i l i t y  '??it!? 

t e m p e r a t u r e  c a n  be r a d i c a l l y  d i f f e r e n t  f o r  d i f f e r e n t  mechanisms. 

For charge-exchange c o l l i s i o n s ,  t h e  m o b i l i t y  decreases w i t h  

i n c r e a s i n g  t e m p e r a t u r e ,  r a p i d l y  a t  first and t h e n  ra ther  s l o w l y .  

For elast ic  c o l l i s i o n s ,  t h e  t e m p e r a t u r e  dependence of  t h e  m o b i l i t y  

depends on t h e  n a t u r e  of the  s h o r t - r a n g e  f o r c e  between i o n  and 

n e u t r a l .  I f  t h i s  f o r c e  is r e p u l s i v e ,  t h e  m o b i l i t y  rises w i t h  

i n c r e a s i n g  t e m p e r a t u r e  t o  a b r o a d  maximum, and t h e n  decreases. 

If t h e  f o r c e  is a t t r a c t i v e ,  as i n  t h e  case of a chemical v a l e n c e  

f o r c e ,  t h e  m o b i l i t y  probably decreases s l o w l y  w i t h  i n c r e a s i n g  

t e m p e r a t u r e .  
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These are n o t  t h e  only mechanisms which may dominate  

i o n  m o b i l i t i e s .  C o n s i d e r a t i o n  of a l t e r n a t e  mechanisms and 

t h e i r  e f f e c t  on t h e  p r e s e n t  c a l c u l a t i o n s  is postponed t o  t h e  

d i s c u s s i o n  s e c t i o n  a t  t h e  e n d  of t h i s  p a p e r .  

For a l l  cases c o n s i d e r e d ,  w e  e x p e c t  t h a t  a c l a s s i ca l  

The c a l c u l a t i o n  of t h e  c o l l i s i o n  t r a j e c t o r i e s  is adequate . ’  

p r e s e n t  c a l c u l a t i o n s  a r e  r e s t r i c t e d  t o  low e lec t r ic  f i e l d s ;  t h e  

e f f e c t s  of h i g h e r  f i e l d  s t r e n g t h s  can  be e s t i m a t e d , ’  b u t  are 

p robab ly  w i t h i n  t h e  u n c e r t a i n t y  of t h e  z e r o - f i e l d  estimate. 

I1 BASIC ASSUMPTIONS 

A t  v e r y  low t e m p e r a t u r e s  (T + OOK), t h e  m o b i l i t y  is 
-4  dominated by t h e  long-range r ion-induc,ed d i p o l e  ene rgy ,  which 

is e a s i l y  c a l c u l a t e d  i f  t h e  c ,harge on t h e  i o n  and t h e  p o l a r i z a -  

b i l i t y  of t h e  n e u t r a l  a re  known.2 

l i m i t e d  m o b i l i t i e s  needed a r e  l i s t e d  i n  Tab le  I ,  referred t o  a 

s t a n d a r d  gas  d e n s i t y  of 2 - 6 9  x lo1’ rnolecules/crn3 (corresponding 

t o  O°C and 1 a tm) ,  a c c o r d i n g  t o  t h e  fo rmula  

The c a l c u l a t e d  p o l a r i z a b i l i t y -  

2 where KO is t h e  m o b i l i t y  i n  cm /see-volt a t  s t a n d a r d  d e n s i t y ,  

c1 is t h e  p o l a r i z a b i l i t y  of t h e  n e u t r a l  i n  1 , and p is t h e  

r educed  m a s s  of t h e  i o n - n e u t r a l  p a i r  i n  g/mole. 

3 

Also  l i s t e d  i n  Table  I are t h e  mechanisms assumed t o  

dominate  t h e  m o b i l i t i e s  a t  h i g h e r  t e m p e r a t u r e s .  I n  some cases 

t h e r e  is good t h e o r e t i c a l  or e x p e r i m e n t a l  e v i d e n c e  f o r  t h e  
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a s s u m p t i o n ,  i n  o t h e r  cases t h e  a s sumpt ion  is based  on ana logy ,  

and i n  a f e w  cases t h e  assumpt ion  amounts on ly  t o  a n  e d u c a t e d  

g u e s s .  These w i l l  be d i s c u s s e d  a f t e r  t h e  a v a i l a b l e  e x p e r i m e n t a l  

ev  i d e n c e  is summarized. 

Table  I1 summarizes t h e  f e w  m o b i l i t y  v a l u e s  which w e  t a k e  

as  known e x p e r i m e n t a l l y .  Comparing t h e s e  v a l u e s  w i t h  t h o s e  i n  

T a b l e  I ,  and r e c a l l i n g  how t h e  t e m p e r a t u r e  dependence of  t h e  

m o b i l i t y  is i n f l u e n c e d  by t h e  c o l l i s i o n  mechanism, w e  conc lude  

t h e  f o l l o w i n g :  N2+-  N2 and O2 + -  O2 are c o n t r o l l e d  by r e s o n a n t  

c h a r g e  exchange,  NO"- N2 is c o n t r o l l e d  by s h o r t - r a n g e  r e p u l s i o n ,  

and N+-  N2 is p r o b a b l y  c o n t r o l l e d  by s h o r t - r a n g e  v a l e n c e  a t t r a c t i o n  

(ana logous  t o  H+- H2 m o b i l i t y  3 ) .  

We now d i s c u s s  t h e  ev idence  f o r  t h e  assumed mechanisms 
+ l i s t e d  i n  Table  I .  Resonant c h a r g e  exchange f o r  N2 - N 2  and 

02+- O2 

a l s o  from beam measurements above 30 e V ,  w h i c h  i n d i c a t e  a l a r g e  

is i n d i c a t e d  n o t  on ly  by t h e  m o b i l i t y  measurements,  b u t  

crncs eectioll fsr chr rge  exchange. Eessnzct chzrge exchange 

is a l s o  i n d i c a t e d  f o r  O f -  0 by b o t h  expe r imen t5  and t h e o r y , 6  and 

t h e  case of N+- N is e n t i r e l y  ana logous .  6 

Shor t - r ange  r e p u l s i o n  is c l e a r l y  i n d i c a t e d  f o r  N O + -  N2 

by t h e  m o b i l i t y  measurements;  it is assumed by ana logy  t h a t  t h e  

same h o l d s  t r u e  f o r  N O + -  02) N2 - 02' and O2 - N2. 

s h o u l d  come unde r  t h i s  same analogy or  whether  it s h o u l d  be  c o n s i d e r -  

e d  ana logous  t o  N + -  N2,  w h i c h  h a s  a v a l e n c e  a t t r a c t i o n ,  is n o t  c lear ;  

w e  have  c a l c u l a t e d  t h e  O + -  N2 m o b i l i t y  a c c o r d i n g  t o  b o t h  a s sumpt ions .  

The cases of 02+ - 0 and NO+- 0 are even less clear .  

c + Whether 0'- N2 

Any s e r i o u s  
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e l e c t r o n i c  re -ar rangement  t o  p roduce  a v a l e n c e  a t t r a c t i o n  seems 

u n l i k e l y  because  t h e  i o n i z a t i o n  p o t e n t i a l  o f  0 is g r e a t e r  t h a n  

t h e  e l e c t r o n  a f f i n i t i e s  of 02' and NO'. 

s h o r t - r a n g e  r e p u l s i o n ,  b u t  c o n f e s s  t h i s  is l a r g e l y  a guess .  

F o r t u n a t e l y ,  these two systems are p robab ly  on ly  of minor import-  

a n c e  i n  most phenomena of in te res t .  The  s y s t e m  O+-He is p robab ly  

a l s o  o n l y  of minor importance,  b u t  t h e r e  are  good t h e o r e t i c a l  

W e  h a v e  t h e r e f o r e  assumed 

r e a s o n s  f o r  e x p e c t i n g  

v a l e n c e  a t t r a c t i o n .  

S h o r t  - r ange  

N+-N2 by t h e  m o b i l i t y  

i t  t o  show s h o r t - r a n g e  r e p u l s i o n  and n o t  

va l ence  a t t r a c t i o n  seems i n d i c a t e d  f o r  

measurements,  and is s u p p o r t e d  by t h e  f a c t  - 
1 t h a t  N3+ is known t o  be a s t a b l e  s p e c i e s .  

t o  c o n s i d e r  0+-02 a n  ana logous  case,  e s p e c i a l l y  s i n c e  t h e  i o n  

03+ is known. 

I t  seems r e a s o n a b l e  

8 

CALCULATL ONS 

The r e s u l t s  of a l l  t h e  m o b i l i t y  c a l c u l a t i o n s  are 

c o l l e c t e d  i n  Tab le  111. Values a re  u s u a l l y  g i v e n  t o  t h r e e  s i g -  

n i f i c a n t  f i g u r e s  f o r  t h e  sake of smoothness ,  a l t h o u g h  i n  most 

cases t h e  u n c e r t a i n t y  is  much g r e a t e r  t h a n  t h i s  would seem t o  

imply. De ta i l s  of t h e  c a l c u l a t i o n s  are d i s c u s s e d  below. 

A .  Resonant  Charge Exchange 

+ D i f f u s i o n  c o l l i s i o n  i n t e g r a l s  f o r  O+-0 and N -N h a v e  

been c a l c u l a t e d  by K n o f ,  Mason, and V a n d e r s l i c e , '  from which t h e  

m o b i l i t i e s  are r e a d i l y  c a l c u l a t e d .  2 
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The computa t ion  of t h e  02+-02 and N2.'-N2 m o b i l i t i e s  

f o l l o w s  t h e  methods used by Knof, Mason, and V a n d e r s l i c e .  I t  h a s  

been  shown t h a t  t h e  m o b i l i t y  (or d i f f u s i o n )  c r o s s  s e c , t i o n  is 

a p p r o x i m a t e l y  twice t h e  charge-exchange c r o s s  s e c t i o n  when c h a r g e  

exchange  is p r o b a b l e ,  'j10 and t h a t  a n e a r l y  l i n e a r  r e l a t i o n  h o l d s  

between t h e  s q u a r e  r o o t  of t h e  charge-exchange c r o s s  s e c t i o n  a n d  

t h e  l o g a r i t h m  of t h e  r e l a t i v e  ene rgy  of c o l l i s i o n .  Thus two 

v a l u e s  of t h e  charge-exchange c ros s  s e c t i o n  s u f f i c e  t o  p r e d i c t  

a l l  v a l u e s .  One v a l u e  c a n  be o b t a i n e d  from t h e  m o b i l i t y  measure- 

ments  a t  300°K, and a n o t h e r  from beam  experiment^.^ The t r a n s i t i o n  

between m o b i l i t y  dominated by c h a r g e  exchange and m o b i l i t y  dominated 

by p o l a r i z a t i o n  w a s  e s t i m a t e d  by g r a p h i c a l  i n t e r p o l a t i o n . 6  

r e s u l t s  are shown i n  F i g .  1. 

The 

B. Short-Range Repu l s ion  

The s y s t e m  XO+-K f u r n i s h e s  t h e  b a s i c  example f o r  a l l  t h e  2 

cases i n v o l v i n g  s h o r t - r a n g e  r e p u l s i o n  f o r c e s .  The sys t em NO'-02 

is s u f f i c i e n t l y  s i m i l a r  t h a t  it is s i m p l e s t  t o  combine b o t h ,  and 

r e p o r t  t h e  r e s u l t s  as NO - a i r .  The v a l u e s  of t h e  m o b i l i t y  i n  

T a b l e s  I and I1 c a n  be used t o  estimate m o b i l i t i e s  a t  h i g h e r  

t e m p e r a t u r e s ,  p rov ided  w e  a s s u m e  someth ing  s p e c i f i c  a b o u t  t h e  

i n t e r a c t i o n  f o r c e s .  The s i m p l e s t  a s sumpt ion  which h a s  any hope 

of a p p r o x i m a t i n g  p h y s i c a l  r e a l i t y  is  t h a t  t h e  i n t e r a c t i o n  p o t e n t i a l  

h a s  a long-range r-4 a t t r ac t ive  component and a s h o r t - r a n g e  r 

or r r e p u l s i v e  component. The n e c e s s a r y  numer i ca l  i n t e g r a t i o n s  

h a v e  been made f o r  t h e  8-4 p o t e n t i a l  by Hass6 

+ 

-8 

-12 

11 and Cook, 
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I a n d  f o r  t h e  12-4 p o t e n t i a l  by Mason and  Scharnp. The f a c t  

t h a t  t h e  r a t i o  of t h e  m o b i l i t y  a t  300°K t o  t h a t  a t  O°K is 1.16 

d e t e r m i n e s  t h e  d e p t h  of t h e  p o t e n t i a l  w e l l ,  which  is 0 . 1 2  e V  

a c c o r d i n g  t o  t h e  8-4 p o t e n t i a l  and  0 .11  eV a c c o r d i n g  t o  t h e  12-4 

p o t e n t i a l .  E i t h e r  a b s o l u t e  m o b i l i t y  t h e n  g i v e s  t h e  p o s i t i o n  of 

t h e  p o t e n t i a l  minimum, w h i c h  is 2 . 6 7 8  f o r  t h e  8-4 p o t e n t i a l  and  

2 . 9 3 8  for t h e  12-4 p o t e n t i a l .  The w h o l e  c u r v e  of m o b i l i t y  v s .  

t e m p e r a t u r e  c a n  t h e n  be c a l c u l a t e d  f rom t h e s e  parameters. The 

r e s u l t s  a re  shown i n  F i g . 1 .  
-6 A more r e a l i s t i c  p h y s i c a l  model  i n c l u d e s  a n  r a t t r a c t i v e  

component of t h e  p o t e n t i a l ,  w h i c h  is a c o m b i n a t i o n  of t h e  London 

d i s p e r s i o n  e n e r g y  and  t h e  ion - induced  q u a d r u p o l e  e n e r g y ,  and 

wh ich  is s e l d o m  c o m p l e t e l y  n e g l i g i b l e .  l 7  l2 M o b i l i t y  c a l c u l a t i o n s  

h a v e  b e e n  c a r r i e d  o u t  f o r  s u c h  a 12-6-4 p o t e n t i a l , '  wh ich  can 

be w r i t t e n  i n  t h e  form 

where  T ( r )  is t h e  p o t e n t i a l  energy,  E is t h e  d e p t h  of t h e  p o t e n t i a l  

minimum,r is t h e  p o s i t i o n  of t h e  minimum, and  y is a d imens ion -  

less parameter which serves a s  a measu re  of t h e  i m p o r t a n c e  of  

t h e  r-6 e n e r g y .  

m 

An a p p r o x i m a t e  v a l u e  of t h e  c o e f f i c i e n t  of t h e  rm6 

t e r m  c a n  be  c a l c u l a t e d  quan tum-mechan ica l ly  by t h e  a p p r o x i m a t e  

London f o r m u l a ,  and  l e a d s  t o  a v a l u e  of y & 0 , 2 5 .  With t h i s  

v a l u e  of y ,  

and  r m = 3 . 6 2 8 ,  f rom w h i c h  t h e  w h o l e  m o b i l i t y  v s .  t e m p e r a t u r e  

c u r v e  c a n  b e  c a l c u l a t e d .  The r e s u l t  is shown i n  F i g . 1 ;  i t  is 

t h e  m o b i l i t y  v a l u e s  a t  Oo and 300°K l e a d  t o  E = 0 . 0 6 5  e V  
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e v i d e n t  t h a t  t h e  a d d i t i o n  of rm6 energy  lowers  t h e  m o b i l i t y  

a t  h i g h  t e m p e r a t u r e s .  

From F i g . 1  i t  c a n  be s e e n  t h a t  t h e  v a r i o u s  a s sumpt ions  

abou t  t h e  NO' - a i r  i n t e r a c t i o n  p o t e n t i a l  have l i t t l e  e f f e c t  

on t h e  c a l c u l a t e d  m o b i l i t i e s  up  t o  a b o u t  400°K, b u t  t h e  v a l u e s  

t h e n  d i v e r g e ,  and t h e  s p r e a d  of v a l u e s  i n c r e a s e s  t o  abou t  f 2 5 %  

a t  250O0K. Another i n t e r e s t i n g  p o i n t  t o  be n o t i c e d  i n  F i g . 1  

is t h a t  t h e  m o b i l i t i e s  of KO' - a i r ,  02" - 0  and N2+- N are 2 2 
s imi la r  a t  OOK, b u t  a t  2000°K t h e  m o b i l i t y  of NO+- a i r  h a s  r i s e n  

t o  abou t  f o u r  t i m e s  t h a t  of N2'-N2, because  o f  t h e  d i f f e r e n t  

n a t u r e s  of t h e  i o n - n e u t r a l  c o l l i s i o n s .  

The sys t ems  02' - N and N2' - O2 are presumably s imi l a r  2 

t o  NO+- a i r  and have  s i m i l a r  i n t e r a c t i o n  p o t e n t i a l s .  

m o b i l i t i e s  are t h e r e f o r e  o b t a i n e d  from t h o s e  f o r  NOf- a i r  by 

t h i s  

T h e i r  

s c a l i n g  w i t h  a f a c t o r  i n v e r s e l y  p r o p o r t i o n a l  t o  (ap )  3 ; 
a s s u r e s  t h a t  t h e  c o r r e c t  p o l a r i z a t i o n  l i m i t  is o b t a i n e d ,  a c c o r d i n g  

t o  E q . ( l ) .  The 12-4 c u r v e  f o r  NO'- a i r  w a s  chosen  as a r e a s o n a b l e  
+ compromise. 

and NO+-  0; f o r  these  sys tems t h e  s c a l i n g  is more d r a s t i c ,  and 

A s i m i l a r  p rocedure  w a s  f o l l o w e d  f o r  0'- N2,  O2 - 0, 

t h e  r e s u l t s  a c c o r d i n g l y  more u n c e r t a i n .  

The sys t em 0'- He is t o o  d i f f e r e n t  f rom NO+- a i r  f o r  

d i r e c t  s c a l i n g .  The most similar s y s t e m  f o r  wh ich  m o b i l i t y  da ta  

are ava i lab le  is N a + -  H e ,  and  f o r  t h i s  s y s t e m  t h e  p o t e n t i a l  

p a r a m e t e r s  of Eq. (2) h a v e  been de termined . '  

v a l u e s  of y and G w i l l  be similar f o r  0'- H e ,  and choose  y-0.15, 

E =  0.040 e V .  

W e  assume t h a t  t h e  

The known p o l a r i z a t i o n  l i m i t  f o r  0'- H e  t h e n  r e q u i r e s  

t h a t  rm =2.325(, f r o m  which t h e  m o b i l i t y  as a f u n c t i o n  of t e m p e r a t u r e  

c a n  be c a l c u l a t e d .  
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C. Short-Range Valence A t t r a c t i o n  

The sys t em H+ - €I2 serves  as a model f o r  t h e  c a l c u l a t i o n  

of m o b i l i t y  w h e r e  s t r o n g  r a l e n c e  f o r e ~ s  are impor t an t .  The 

m o b i l i t y  of H+ - H w a s  c a l c u l a t e d  by Mason and V a n d e r s l i c e ,  

de t e rmined  t h e  i n t e r a c t i o n  p o t e n t i a l  from a v a i l a b l e  quantum- 

mechan ica l  c a l c u l a t i o n s  of  t h e  ene rgy  of €€ ' and from e x p e r i m e n t a l  

These d a t a  on t h e  e l a s t i c  s c a t t e r i n g  of low-energy p r o t o n s  i n  H 

c a l c u l a t i o n s  are i n  r e a s a n a b l e  agreement  w i t h  t h e  e x p e r i m e n t a l  

m o b i l i t y  a t  300°K, l4 

who 2 

3 

2" 

'The m o b i l i t i e s  of 0" - O2 and N9 - N2 are 

o b t a i n e d  from t h o s e  of  H" - H2 by s c a l i n g  w i t h  t h e  f a c t o r  (0t)J) -3 
1 

which a s s u r e s  t h e  c o r r e c t  p o l a r i z a t i o n  l i m i t .  The measured m o b i l i t y  

of N+ - N2 a t  300°K t h e n  s e r v e s  as a, check  on t h e  s c a l i n g  p rocedure ,  

The agreement  is q u i t e  reasonable,  as is shown i n  F ig .  2 .  T h i s  is 

p e r h a p s  a f o r t u i t o u s  consequence of t h e  f a c t  t h a t  t h e  t e m p e r a t u r e  

dependence of  t h e  m o b i l i t y  i n  thesc cases is weak, and s o  a lmos t  

any s e n s i b l e  s c a l i n g  p rocedure  w i l l  work f a i r l y  w e l l .  However, 

more r e c e n t  work' on n i t r o g e n  i o n  m o b i l i t y  i n d i c a t e s  a v a l u e  f o r  

N" - N2 a t  300°K which is 25% lower t h a n  t h e  one shown i n  F i g .  2 .  

The m o b i l i t y  of O+ - N was c a l c u l a t e d  bo th  on t h e  assump- 2 

t i o n  of s h o r t - r a n g e  a t t r a c t i o n  and of s h o r t - r a n g e  r e p u l s i o n ,  and 

t h e  r e s u l t s  are shown i n  F i g .  2 .  T h i s  i l l u s t r a t e s  t h e  impor t an t  

i n f l u e n c e  of t h e  s h o r t - r a n g e  i n t e r a c t i o n s  a t  even  moderate  

t e m p e r a t u r e s .  

D I SCUS S I OK 

Some estimate of t h e  u n c F r t a i n t y  i n  ou r  f i n a l  r e s u l t s  

c a n  b e  o b t a i n e d  from t h e  i n t e r n a l  e v i d e n c e  of t h e  s e n s i t i v i t y  of  
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t h e  r e s u l t s  t o  c h a n q c s  i n  t h e  assumptions a b o u t  t h e  i o n - n e u t r a l  
0 p o t e n t i a l .  A t  20n0 K this arntlriintg kc, 

a n d  o v e r  a facto.1- of 2 f o r  d" i n  N 2 "  

i n  t h e  h i g h - t e m p e r a t u r e  mobilities o f  

c a u s e d  by u n c e r t a i n t y  i n  I h t l  i~cn-b~--am 

T h e w  is a -k 15% u n c e r t a i n l y  

O2 -b i n  0 and  N2' i n  N2, 2 

measuremen t s  of t h e  c h a r g e -  

4 e x c h a n g e  c r o s s  sec:t , ion.  I n  ,rddit IOII ,  X,herr is the  u n c e r t a i n t y  

c a u s e d  by p o s s i b l c  P ~ I  o r  11-1 7 hts . k p - 1  imc n t a l  r c x s u l t s  at 300 K ,  

on  wh ich  somc of O U T  c x t r a p o l a t i o n s  are  based. T h i s  c o u l d  a d d  

a n o t h e r  10% u n c e r t a i n t y  t o  1,hc YO" i n  ;IJ2 mohilif ies.  

0 

7 

Thus o u r  e s t i m a t r d  u n c e r t a i n t i e s  are  a t  least 2 25% 

f o r  m o s t  o f  t h e  s y s t e m s  l i s t e d  i n  T s b l p  STY, and  must  be  p u t  at. 

a f a c t o r  of  2 f o r  those:  systems f o r  which  t h e  n a t u r e  of t h e  

4- i n t e r a c t i o n  is d o u b t f u l  (CJ - 0 ,  NO-' - 0 ,  0'' - K2). 2 

F i n a l l y ,  i t  s h o u l d  be s t r e u s e d  t h a t  t h e  r e s u l t s  m i g h t  

be t o t a l l y  wrong i f  any  mechanism is impor t . an l  o t h e r  t h a n  

e l a s t i c  c o l l i s i o n s  or  r c - s o n a a t  c h a r g e  exchange  . A c l a s s i c  

example  is t h e  m o b i l i t y  o f  €I3+ i n  H2 '  

o n l y ,  Mason and  V a n d e r s l ~ c e ~  c a l c u l a t e d  a KO v s .  

l i k e  t h a t  f o r  NO+ i n  air. 

p r o t o n - e x c h a n g e  reac t  i o n ,  H3" f H2 = H2 -E- H3 

m o b i l i t y ,  and  c o m p l e t e l y  changed t h e  c o u r s e  of t h e  KO v s .  

c u r v e .  Analogous  p o s s i b i l i t i e s  are by no  m e a n s  u n l i k e l y  f o r  O2 

and  N2 . For  i n s t a n c e ,  Mentzoni8 r e p o r t s  a m b i p o l a r  d i f f u s i o n  

r e s u l t s  i n  oxygen  p l a s m a s  which h e  i n t e r p r e t s  i n  terms of t h e  

m o b i l i t y  of 02+ i n  O2 r i s i n g  t o  a maximum of a b o u t  5.0 

c m  / s e c - v o l t  a r o u n d  6 0 0 ° K ,  and t,hr:n f a l l i n g  s l i g h t l y  f rom 600° 

Assuming e l a s t i c  c o l l i s i o n s  

T c u r v e  much 

S u b s e q u e n t  work" showed t h a t  t h e  

d o m i n a t e d  t h e  

T 

c 

-+ 
+ 

2 
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A 

t o  900°K. Our r e a s o n  f o r  r e j e c t i n g  these r e s u l t s  i n  t h e  p r e s e n t  
4 c a l c u l a t i o n s  is t h e  ev idence  from t h e  d i rec t  beam measurements 

t h a t  02+ - O2 r e s o n a n t  charge exchange is h i g h l y  p r o b a b l e .  

S i m i l a r l y ,  o u r  c a l c u l a t i o n s  on N + r e q u i r e  t h a t  t h e  N2+ i o n  2 
m a i n t a i n  its i d e n t i t y  i n  c o l l i s i o n s  w i t h  N2, and n o t  form o the r  

+ i o n s ,  s u c h  as N', N3 , or N4+. 
is t h e  case,7 and o u r  r e s u l t s  must be accepted w i t h  t h i s  

I t  is by no means s u r e  t h a t  t h i s  

r e s e r v a t i o n  i n  mind. 
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r e p .  

T a b l e  I .  P o l a r i z a t i o n  - l i m i t e d  ( T =  OOK) m o b i l i t i e s ,  and 
assumed mechan i sms  f o r  h i g h e r - t e m p e r a t u r e  m o b i l i t i e s  (exch .=  
r e s o n a n t  c h a r g e  exchange;  - r e p . =  e l a s t i c  c o l l i s i o n s ,  short- 
r a n g e  r e p u l s i v e  f o r c e ;  - V a l . =  e l a s t i c  c o l l i s i o n s ,  s h o r t - r a n g e  
a t t r a c t i v e  v a l e n c e  f o r c e ) .  

exch .  

2 M o b i l i t y ,  KO, c m  / s e c - v o l t  

H e  0 
.. 

I 
O+ I 17.1  I 5 .64  

N+ 

02+ 4 .84  

r e p .  

j 
4 . 9 1  

I 
N 0' 

I 

N 

4.93 

exch .  

O2 

3 .36  

V a l .  

2 .74  

exch .  

2 .84  

r e p .  

2 .78  

r e p .  

N2 

3 .28  

r e p .  , V a l .  

3 . 42  

V a l .  

2 . 7 1  

r e p  

2 .80  

exch. 

2 . 7 5  

r e p .  
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Table  11. Exper imenta l  m o b i l i t i e s  a t  300°K. 

System 

N'- N2 

N2'- N2 

O2f -  o2 

N0'- N2 

M o b i l i t y  

cm'/sec-volt 

3.3 

1.8 

2 .25  

3 . 2  

R e f .  

D.W. M a r t i n ,  Was. Barnes,  G . E .  Kel le r ,  D.W. a H a r m e r ,  

and E.W. McDaniel, Proc,. S i x t h  I n t e r n .  Conf ,  I o n i z a t i o n  

Phenomena i n  Gases, P a r i s ,  1963, p .295.  However, see r e f .  7. 
_I 

R . N .  Varney, Phys. R e v .  89 ,  708(1953) .  T h i s  v a l u e  h a s  - 
s u b s e q u e n t l y  been confirmed by a number of workers .  

C . R .  Gatz, R . A .  Young, and R .L .  S h a r p l e s s ,  J .  Chem. Phys.  

39 ,  1234(1963) .  See  a l s o  ref.  15. - 
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FIGURE CAPTIONS 

Fig .  1. M o b i l i t i e s  as a f u n c t i o n  of t e m p e r a t u r e ,  

showing t h e  e f fec t  of r e s o n a n t  c h a r g e  exchange (02+- O2 

and N2+ - N2) and of t h e  assumed form of  t h e  i o n - n e u t r a l  

i n t e r a c t i o n  (NO+ - a i r )  . 

F i g .  2 .  M o b i l i t i e s  a s  a f u n c t i o n  of t e m p e r a t u r e ,  

showing t h e  e f fec t  of s h o r t - r a n g e  v a l e n c e  a t t r a c t i v e  

(N+- N2, o+- 02, 0'- N2) and s h o r t - r a n g e  r e p u l s i o n  

<O+- N2) 
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